• O b j e c t i v e: To evaluate the effects of 4 different drying methods to remove bacteria from washed hands.
and washing is the single most important pro c ed u re in hospital infection control. Many studies reported in the medical literature have shown that disease-causing bacteria are carried on the hands of health c a re wo rke rs . 1 -9 Good hand-washing techniques can prevent the spread of these bacteria to patients. [3] [4] [5] [6] [7] [8] Many studies have also demonstrated the usefulness of antibacterial soaps and the physical washing of the hands to remove bacteria. [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] Fewer studies have been reported that evaluated the effect that drying the hands has on removing bacteria. [20] [21] [22] The purpose of the present study was to determine the difference between the amount of b a c t e ria on the hand befo re washing and after dry i n g with 4 different hand-drying methods: cloth towels accessed by a rotary dispenser, paper towels from a stack on the hand-washing sink, warm forced air from a mechanical hand-activated dryer, and spontaneous evaporation. We hy p o t h e s i zed that no significant diffe re n c e in bacterial reduction occurs among any of these handdrying methods.
SUBJECTS AND METHODS Study Subjects and Sample Size
The study was ap p roved by the Mayo Clinic Institutional Rev i ew Board and was conducted fro m October 7, 1 9 9 6 , t h rough Ja nu a ry 21, 1997 . Po t e n t i a l recruits for the study were excluded if they had acute or ch ronic nail or skin disord e rs , i n cluding ecze m a , o r we re considered by an examining physician to have c o m p romised immu n i t y. One hundred healthy adults older than 18 ye a rs we re ultimat e ly enrolled in the study after formal consent was obtained. This number was chosen following the results of a pilot study.
For the pilot study, the hands of volunteers were artificially contaminated with the bacterium Micrococcus luteus (the hand contamination procedure is described b e l ow). The SD of the diffe rence in colony -fo rm i n g units (CFUs) among 4 hand-drying methods in the prewash to postdry changes was estimated to be 5.27 x 10 7 . Based on these results, it was determined that a sample size of 100 subjects would provide at least 90% power to detect a mean difference in the change in CFUs between any 2 of the 4 drying methods that is greater than or equal to 1.7 x 10 7 CFUs (α=.05; β=.10). This is equivalent to an effect size of 0.32, which is considered to be between a small and medium effect size. 2 3 Alternatively, in the case of nongaussian data where the analysis would not involve a comparison of the means, 100 subjects would provide at least 90% power to detect a difference in the proportion of subjects having a 
Allocation of Study Participants
E a ch subject was tested under 4 methods of hand drying: paper towel, cloth towel, warm forced air, and evap o ration. To eliminate any confounding effect due to test order or residual bacteri a , the tre atments we re administered to the subjects in a balanced design created by randomly assigning the 4 drying methods to the letters of a 4 x 4 Latin square. First the rows, then the columns of this square were randomly permuted. This process of permuting the rows and columns of the Latin s q u a re was rep e ated 25 times, resulting in 100 tre atment allocation sequences. The effects of this design were that each drying method was applied first, second, third, and fourth an equal number of times and that each method was fo l l owed by each other method equally often. A l s o , with use of the 4 x 4 Latin square, a f t e r every 4 subjects the design was balanced. Each subject was required to wait a minimum of 3 complete days before participating in the next drying method.
Artificial Contamination of Hands With Bacteria
A modified glove-juice method was used for bacterial contamination of hands and perfo rmance of prewash and postdry bacterial counts. One of the subject's hands was art i fi c i a l ly contaminated with ap p rox i m at e ly 1 x 10 7 b a c t e rial cells of M luteus. The bacterial inoculum was prep a red by seeding 500 mL of tryptic soy b roth with M luteus and incubating the flask ove rn i g h t at 35°C in room air on a shaker incubat o r. Ten milliliters of inoculum we re pipetted into a steri l e, q u a rt -s i ze res e a l able plastic bag. One hand of the subject was placed into the bag and wetted with the M luteus b roth culture. The subject then dried the hand using a wa rm air hand d ryer (Model A , Wo rld Drye r, B e rke l ey, Ill) until the hand did not appear visibly moist.
Washing and Drying of Contaminated Hands
The contaminated hand was then placed into another sterile resealable bag to which 50 mL of Butterfield p h o s p h at e -bu ffe red water was add e d. The hand wa s m a s s aged ex t e rn a l ly for 1 minute to re m ove bacteri a from the hand into the buffered water. The hand was removed from the bag, and the subject washed in warm running water with a nonantibacterial soap (Camay, P rocter & Gambl e, C i n c i n n at i , Ohio) for 30 seconds and then rinsed for 10 seconds with cold running water.
After washing and ri n s i n g, e a ch subject, based on ra n d o m i z ation sch e d u l e s , d ried the study hand with cloth towels accessed by the study subject from a roller dispenser, with paper towels from a stack on the handwashing sink, with warm forced air from a mechanical dryer that the study participant activated with the nons t u dy hand, or by spontaneous room air evap o rat i o n . The same wa rm air hand dryer was used immediat e ly fo l l owing art i ficial bacterial contamination of hands and for this step. Fifteen seconds were used for drying with the cloth towel or paper towe l s , and a single 30-second cycle of the warm air hand dryer was used. For the spontaneous room air evaporation method, the hand was allowed to air dry until no visible moisture was present. The dried hand was then placed into another sterile plastic bag, and 50 mL of Butterfield buffered water was add e d. The hand was again massaged ex t e rn a l ly for 1 minute.
Processing of Samples
The bu ffe red water samples obtained befo re wa s hing and after drying were serially diluted (1:10,000 and 1 : 1 0 0 0 , re s p e c t ive ly) with Butterfield bu ffe red wat e r, and 0.2 mL of each diluted sample was pipetted onto the surface of a Letheen agar plate, which was incubated for 72 hours at 30°C in room air.
B a c t e rial CFUs we re determined on the dilutions, which appeared to have fewer than 100 colonies of M l u t e u s. Counting of only the M luteus colonies wa s aided by their bright lemon-ye l l ow ap p e a ra n c e. Colonies without such pigment were not counted.
Statistical Analysis of Data
For each of the 4 hand-drying methods, the end point of interest was the ch a n ge in the number of CFUs, d efined as the diffe rence between the prewash CFU count and the postdry CFU count. The prewa s h , p o s t d ry, a n d ch a n ge in CFU counts we re examined grap h i c a l ly and tested for norm a l i t y. These values we re found to be h i g h ly non-gaussian. Th e re fo re, the analysis was carried out using the Friedman test, a nonpara m e t ric proc e d u re for ra n d o m i zed complete bl o ck designs, and the a s s o c i ated rank sum multiple comparison pro c e d u re. 2 
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The ex p e riment was conducted according to the O ' B rien-Fleming ru l e. 2 6 Th at is, when the data for app rox i m at e ly half the subjects (n=52) we re obtained, t h e results we re analy zed and tested for statistical significance at α=.001. If the results had been found to be sign i fi c a n t , the ex p e riment would have been concl u d e d. H oweve r, at that point, t h e re was insufficient ev i d e n c e to stop the study, and the ex p e riment continued until all subjects we re tested. The analysis was rep e ated on the complete data set, this time at α= . 0 4 9 .
RESULTS
Of the 100 people re c ruited to part i c i p ate in the s t u dy, o n ly 1 failed to complete the ex p e riment under all 4 hand-drying conditions and hence was re m ove d from the data set, leaving 99 subjects available for analysis. In addition, 2 treatment sequences were inadvertently skipped during the latter part of the experiment. H oweve r, these omissions affected the balancing only slightly. Tables 1 through 3 
DISCUSSION
Most nosocomial infections result from the tra n smission of bacteria on the hands of health care wo rke rs . 1 -9 Good handwashing technique invo l ves both washing and drying of hands. Many studies reported in the medical literat u re have demonstrated the importance of proper hand washing for removing harmful mic ro o rganisms from the hands. demonstrated that warm air hand dryers performed better than paper towels or cloth towe l s , wh e re a s B l a ck m o re 2 1 s h owed that either paper towels or cl o t h t owels outperfo rmed wa rm air hand drye rs. In a third study, Davis et al 22 observed no difference among these 3 hand-drying methods.
The protocols for each of these studies differed considerably. Ansari et al 20 artificially contaminated fingerpads with known quantities of Esch e ri chia coli or rotavirus. Reduction in the numbers of these organisms was then assessed following the use of different handwashing agents and diffe rent drying methods. Organism counts were determined by manually scraping the area of the inoculated fi n ge rpad on the inside rim of a vial containing broth. The total drying time for all methods averaged 10 seconds. Blackmore 21 assessed reduction in indigenous bacterial flora by directly contacting fi n ge rtips to a Pe t ri dish containing nu t ri e n t aga r. Drying time was only controlled for the fo rc e d wa rm air method and va ried from 30 to 55 seconds. D avis et al 2 2 also assessed reductions in indige n o u s flora. After drying, the entire hand was then immersed and ru bbed in Ringer lactate solution for 30 seconds. Drying times for all methods approximated 10 seconds.
For the current study, we art i fi c i a l ly contaminat e d the hands of study subjects with a known inoculum of the bacterium M luteus. We also used a modified glovejuice method for assessing bacterial counts. Our pilot studies demonstrated that this method produced more consistent results than inoculating fi n ge rtips onto the s u r face of nu t rient agar contained in Pe t ri dishes. Th e o re t i c a l ly, the glove-juice method should perm i t sampling of interd i gital are a s , wh i ch is not possibl e with imprinting techniques and there fo re should provide a more comprehensive sampling of skin bacteria. Interdigital areas may not be dried as efficiently as palmar or volar surfaces of the hands,and fewer organisms m ay be re m oved by the drying process. This method has been recommended by the Food and Dru g A d m i n i s t ration as the pre fe rred method for assessing the effectiveness of anti-septics for removing microorganisms from hands. 27 The drying time for the warm air hand dryer in our s t u dy was equal to 1 cy cle of the machine (ap p rox i- The results of the current study showed that there was no statistically significant difference between prewash and postdry absolute counts of bacteria (CFUs) when any 2 hand-drying methods we re compare d ( Tables 1-3 ). For this analy s i s , the wa rm air dry i n g method had the highest ave rage nu m e ric rank. Th i s ranking means that the change in the number of CFUs for this method compared with other methods from prewash to postdry was greatest. Although this difference seems to favor the forced warm air method as the best method for re m oving bacteria from the washed hand, the difference was not statistically significant. Of intere s t , the prewash CFU counts for the wa rm air hand dryer tended to be higher (although not statistically significantly) than those of the other 3 methods (Table 1) . We have no ex p l a n ation for this. Wh at , if any, i m p a c t these higher counts had on corresponding postdry counts is also unknown.
In concl u s i o n , the results of the current study suggest that there are no differences in the efficiencies of removing bacteria from washed hands when hands are dried using paper towels, cloth towels, warm forced air, or spontaneous evaporation.
